The ability to continuously monitor the sulfur potential in coal gasification reactors is of crucial importance for efficient gasifier operation and for accurate life prediction of corroding construction materials. From an engineering point of view, in situ solid state sensors that directly measure the sulfur potential are preferable to devices that employ liquid electrolytes or involve sampling of gases for low temperature analytical procedures. Despite the concerted efforts of many laboratories during the last decade to find suitable sulfide electrolytes, analogous to CaO-ZrO,) or Y203 -ThO 2 for oxygen potential measurements, no acceptable material has been identified in which the ionic transport number is higher than 0.99 over a large range of sulfur potentials and temperatures.
The prospect of designing a suitable sulfide electrolyte does not appear promising in the near future because the band gaps in the sulfides are generally narrower than in the corresponding oxides (1) . An alternate approach may be to use calcium fluoride (CaF 2 ) as the electrolyte in a solid state cell, in which the electrodes are designed to convert the sulfur potential in the gas into an equivalent fluorine potential.
Calcium fluoride has been found to be a suitable electrolyte at high temperatures and over a large range of fluorine potentials (2-7). Colorless, Apparatus. -A schematic diagram of the apparatus is shown in Fig. 1 . A disc of CaF 2 electrolyte was spring loaded against an alumina tube with a gold '0' ring between them to obtain a gastight joint. The alumina tube was held firmly in a water cooled brass head, to which the springs were attached.
Since gold softens at the high temperatures used in these experiments, low tension springs were sufficient to produce a gastight joint. Thus, the ceramic components of the assembly were not subjected to high applied stresses. Electrode pellets containing CaF 2+CaS+Pt were spring loaded on either side of the electrolyte, with a thin porous platinum sheet sandwiched between the pellet and the electrolyte. Platinum leads, flame sprayed with alumina, were spot welded to the porous platinum sheets. At the low sulfur potentials used in the experiments, no chemical attack on the platinum was observed in the hot zone of the furnace. At the cooler end, however, there was some evidence of reaction between platinum and H 2 S gas. Therefore, in this region, the platinum leads were protected by an alumina sheath closed on both ends by 'alumina cement.
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The cell was designed to provide two separate gastight compartments around the two electrode pellets. Separate gas streams with differing sulfur potentials were pas:;ed through these compartments. The test gas was admitted to the system at the lower end of the reaction tube and flowed past the outer electrode pellet at a rate of 250 ml min-1 . The reference gas was passed around the inner electrode at a flow rate of 100 m1 min-1.
The two gas streams were isolated in the reaction tube and escaped through different ports in the brass head. The escaping gases were bubbled through two 25 cm high columns of NaOH solution to remove H 2 S and HF. The exit gases were further scrubbed before being pumped through the fume exhaust system.
The entire cel.t assembly, attached to the brass head, was lowered into a vertical alumina reaction tube. The cell was electrically shielded by connecting a platinum foil, wrapped around the reaction tube, to ground.
The reaction tube was heated by a Kanthal resistance furnace. Temperatures of the furnace and of the cell were measured by two separate Pt-Pt (13% Rh) thermocouples. The furnace temperature was controlled to tl K by use of a stepless current-compensating controller.
Procedure.-The test cell was assembled as shown in Fig, 1 , and the reaction tube was evacuated by a mechanical pump to a pressure of 0.5 Nm-2 and then backfilled with purified argon. The argon purification train consisted of magnesium perchlorate (to absorb the residual moisture), and copper turnings at 700 K and titanium turnings at 1100 K (to remove residual oxygen).
The cell was heated to 500 K, evacuated, and refilled with argon. The temperature of the cell was then raised to 1225 K. The reference gas was introduced into the inner gas compartment of the cell, while argon flow was 6 4 f l ^ .i. ^ C maintained through the outer reaction tube. Gastightness of the '0' ring seal was checked by analyzing the argon stream exiting from the reaction tube for traces of H 2 S. After ensuring that the test cell was leaktight and the 1:wo gas streams were isolated, the test gas was introduced into the reaction tube. Cell voltage was monitored using a Kiethly digital voltmeter with an internal impedance of 10 12 Ohms. After the start of the experiment, approximately 5 hr were required to obtain a steady emf.
Two procedures were followed during the investigations: (i) During isothermal runs, cell temperature was kept constant at 1073 K or 1173 K and and the steady, reversible emf corresponding to different test gases was measured, and (ii) For two selected test gases, the temperature dependence of the steady, reversible emf was measured..
Results
Response time.-Composition of the test gases and the reference gas and the emf obtained at 1073 K and 1173 K are shown In Table I . Generally, the response time of the cell at 1225 K, after a small change in temperature or gas composition, was 2.5 hr, while at a lower temperature of 990 K the response time was approximately 9 hr. The cell emf was insensitive to moderate increase in the flow rate of the test gas and/or the reference gas.
However, when the flow rate of one of the streams was increased by factors where AG4 is the standard Gibbs' free energy change for reaction [4] . The sulfur potential established by the gas phase, when in contact with the electrode pellet consisting of CaS and CaF2 , fixes a fluorine potential.
through the reaction CaF2 (a) + 1/2 S 2 (g) 4 Cass) + F 2 (g)
where AG6 is the standard Gibbs' free energy change for reaction [6] . The platnium in the electrode pellet acts as a catalyst for the reaction. Since there is no ternary compound or significant solid solubility in the CaF2 -CaS system, the condensed phases in the electrode pellets are present at unit activity. Combining equations [3] and (7] , an expression is obtained relating the emf to the difference in the sulfur potential between the electrodes;
Equation [8] may also be expressed in terms of the ratio of H 2 S to H2 in the gas phase over the two electrodes; 9 ^_ r [8] r
The measured emfs, as shown in Fig. 2 , do not deviate by more than 2.5 mV from that calculated using equation [9] . Deviations from theoretical values have the same sign at differ®«c temperatures for each test gas. Thus, it is likely that these deviations arise from small errors in gas analysis.
The variation of the emf of the cell with temperature and with two test gases (3 and 4 is Table I ) is shown in Fig. 3 . Again, measured temperature dependence is in agreement with the theoretical value given by the derivative of equation [9] with respect to temperature.
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The activity of calcium at the electrodes, during the present investigation, can be evaluated by considering the reaction,
The activity of calcium, a Ca ' is given by
where GOI is the standard Gibbs' free energy change for reaction [11] . It can readily be shown from known thermodynamic data that the activity of calcium varies from 9.5X10 -19 to 6.0x10-17 at 1113 K over the range of test gas composition (gases 1 and 4, respectively, Table I ). Wagner (8) Typical compositions of the raw gases in some coal gasification processes are shown in Table II . It can readily be shown that under the conditions of coal gasification, the conversion of CaS to CaO, according to the scheme, CaS(s) + H2O(g) -> CaO(s) + H 2 S(g) [13] is not thermodynamically favorable. However, the reaction of H2S(g) with CaF2, CaF2(a) + H2 S(g) -> CaS (a) + 2 HF(g) [14] will result in a partial pressure of HF in the immediate neighborhood of the electrode that can vary from 2.8X10 2 Nm 2 to 80 Nm 2 . Since all the gas passing through the probe is not saturated in HF, the average HF concentration in the exit gas is estimated to be approximately 200 ppm, and therefore must be scrubbed for the removal of HF. Additionally, for commercial application, the probe must be designed in such a way as to prevent particulate material in the gas from depositing on the electrodes of the sensor.
Conclusion
The Compositions are given in vol. I 1
